ABSTRACT The objectives of this work were to study the responses of one Leghorn and two broiler stocks and sexes to different levels of Thr and to estimate their requirements for this amino acid. All experiments were conducted with birds from 1 to 18 d of age. Body weight gain (BWG) and feed consumption were measured on the eighteenth day, and feed conversion ratio (FCR) was calculated. At Day 18, three birds per replicate were killed, and liver and fat pads were collected and weighed. The data were analyzed by the general linear model and nonlinear model procedures of SAS software, and the broken-line linear model was used to estimate Thr requirements of chicks. Experiment 1 had a 5 × 3 factorial design with five levels of Thr (0.63, 0.70, 0.77, 0.84, and 0.91% of the diet), two broiler genotypes (Arbor Acres Classic and High Yield), and one Leghorn genotype (Hyline W-36), with three replicate pens of eight male birds each. The basal diet was composed of corn, peanut meal (PNM), poultry by-product meal, poultry fat, DL-Met, LLys, and L-Ile (23% CP and 3.2 kcal/g of ME). The Leghorn chicks did not respond to Thr supplementation, indicating their requirement was ≤0.63%. High Yield birds had better BWG and FCR than Classic. The BWG and FCR were reduced more in Classic than High Yield strains by the lowest Thr level. The percentage of liver was higher in the Classic than High Yield strain broilers with Thr supplementation. The second experiment (2 × 2 × 2 factorial design) was conducted to evaluate the effects of two
INTRODUCTION
Threonine may be the third limiting amino acid, after Met and Lys in diets, composed primarily of ground yellow corn and soybean meal (SBM), for broiler chickens (Han et al., 1992; Fernandez et al., 1994; Kidd et al., 1997) . To whom correspondence should be addressed: gpesti@arches. uga.edu. 1710 levels of Thr (0.63 and 0.90%), two levels of Ile (0.72 and 0.90%), and two broiler strains (as Experiment 1). There were no responses to Ile for any parameters measured. Experiment 3 (6 × 2 factorial design, corn, PNM-based basal diet) had six Thr levels (0.63, 0.67, 0.71, 0.75, 0.79 , and 0.83%) and two broiler strains (as Experiment 1), with four replicate pens of eight male birds each. The High Yield strain broilers grew significantly better at the lowest Thr level, but performance was similar at the higher Thr levels (significant interaction, P = 0.018). FCR was affected by Thr level but not by strain. The Thr requirement of the Classic strain broilers was 0.69 ± 0.01% for BWG and 0.68 ± 0.01% for FCR. The Thr requirement of the High Yield strain broilers was 0.68 ± 0.01% for BWG and 0.69 ± 0.01% for FCR. The Thr requirements of male versus female High Yield strain broilers were evaluated in a 6 × 2 factorial design, with six Thr levels (Experiment 4), with four replicate pens of eight birds each. Males and females had the same performance and carcass composition results (P > 0.05), except for percentage abdominal fat pads. The Thr requirement was 0.71 ± 0.01% for BWG and 0.71 ± 0.01% for FCR for the males and 0.72 ± 0.008% for BWG and 0.71 ± 0.001% for FCR for females. Excellent performance was observed from the corn-and PNMbased diet supplemented to contain 0.72% Thr. The Thr requirements of High Yield and Classic broilers (males and females) were similar and greater than for the Leghorn strain studied.
The Lys and sulfur amino acid requirements have been evaluated extensively, but less information is available on the Thr requirements of chicks (Webel et al., 1996) . Krautmann et al. (1958) , using diets with 21% CP, observed that Thr requirements are between 0.55 and 0.60% of the diet or 2.6 and 2.9% of CP. Klain et al. (1960) , using a mixture of essential amino acids, determined the Thr requirement to promote adequate growth and feed efficiency in chicks is 0.58%. Dean and Scott (1965) , Zimmerman and Scott Vitamin premix provided the following per kilogram: vitamin A, 5,500 IU from all trans-retinyl acetate, cholecalciferol, 1,100 IU; vitamin E, 11 IU from all-rac-α-tocopherol acetate; riboflavin, 4.5 mg; Ca pantothenate, 12 mg; nicotinic acid, 44 mg; choline Cl, 220 mg; vitamin B 12 , 6.6 µg; Vitamin B 6 , 2.2 mg; menadione, 1.1 mg (as menadione sodium bisulfate); folic acid, 0.55 mg; d-biotin, 0.11 mg; thiamine, 1.1 mg (as thiamine mononitrate); ethoxyquin, 125 mg.
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Trace mineral premix provided the following in milligrams per kilogram of diet: Mn, 60; Zn, 50; Fe, 30; Cu, 5; I, 1.5; Se, 1.0. 3 NRC (1994) . 4 Dumas method (Etheridge et al., 1998) . (1965), and Sasse and Baker (1973) , using diets with 17.7, 14.5, and 14.8% CP, reported that the Thr requirement is 0.65% of the diets or 3.67, 4.48, and 4.39% CP. Hewitt and Lewis (1972) estimated that 0.48% Thr in diets containing 16.2% CP is required by broilers and is 3.0% when expressed as a fraction of CP. Robbins (1987) worked with purified diets with corn and peanut meal (PNM) containing 10.98 and 18.30% of CP and determined that the Thr requirement is 3.7% of CP and is little affected by CP level of diet. Woodham and Deans (1975) used a diet with 18% CP and estimated that Thr requirements of broiler chicks are between 0.50 and 0.52% of the diet or 2.8 and 2.9% of CP. The NRC (1994) recommendation for Thr is 0.80% of diet for 0 to 3 wk of age.
Many reports demonstrate that there are significant differences in nutritional requirements for CP, metabolizable energy, calcium, and phosphorous attributable to different genotypes (Siegel et al., 1984; Leclercq and Guy, 1991; Ajang et al., 1993; Leclercq et al., 1993; Pesti et al., 1994 Pesti et al., , 1996 and sex .
Differences in response to protein between classic and high-yield broiler strains have been demonstrated . The present studies were conducted to determine if individual amino acid requirements are also different. The specific objectives of this work were to study the effects of dietary Thr levels on the performance of one Leghorn genotype and two broiler genotypes and two sexes and to estimate chicks requirements for Thr. Because dietary protein levels may affect carcass and liver fat levels (Fraps, 1943; , growth, feed conversion, abdominal fat, liver weight, and liver fat were the dependent variables measured. 
MATERIALS AND METHODS
For Experiment 1, male Leghorn chicks (Hy-Line W-36) were obtained from a commercial hatchery.
3 For all experiments, broiler eggs were provided by Arbor Acres Farm. 4 The broiler breeders were the same age, were fed the same diets, and were kept under the same management conditions. In Experiment 4, only the High Yield strain was used. The eggs were incubated in the of University of Georgia hatchery using standard procedures. The chicks were selected based on normal physical appearance and were vent sexed; females were discarded for Experiments 1, 2, and 3. The birds were weighed, neckbanded, 5 and placed on wire floors in Petersime battery brooders 6 in a temperature-controlled room with constant illumination from 1 to 18 d of age. Feed and water were provided for consumption ad libitum. Mortality was recorded daily. Feed consumption data were adjusted to account for any deaths on a chick-day basis. At 18 d of age, all chicks of each replicate were individually weighed, and three birds per replicate were randomly chosen for carcass analysis. Chicks were killed by cervical dislocation, and abdominal fat pads and livers were collected and weighed. Liver lipids were measured according to Folch et al. (1957) .
Experiment 1 had a 5 × 3 factorial design with five levels of Thr (0.63, 0.70, 0.77, 0.84, and 0.91% of the diet), two broiler genotypes (Arbor Acres Classic and High Yield), and one Leghorn genotype, with three replicate pens of eight male birds per treatment. The basal diet (Table 1) was composed of corn, peanut meal (PNM), poultry-by-product meal, poultry fat, DL-Met, L-Lys, and L-Ile, and was formulated to meet minimum NRC (1994) requirement recommendations, except for Thr and Ile. Nutrient levels (NRC, 1994) were the same in all diets except that varying levels of Thr were added at the expense of the entire diet. A control diet based on corn and SBM was fed to three replicate pens each with eight male High Yield strain chicks. High Yield strain chicks fed the control and corn-and PNM-based diets with the same levels of Thr (0.84%) were compared using one-way analysis of variance.
Experiment 2 had a 2 × 2 × 2 factorial design, with two levels of Thr (0.63 and 0.90%), two levels of Ile (0.72 and 0.90%), and two broiler strains (as Experiment 1). There were three replicate pens of eight male birds each per treatment. The basal diet (Table 1 ) was based on corn and PNM.
Experiment 3 was a 6 × 2 factorial design with six Thr levels (0.63, 0.67, 0.71, 0.75, 0.79, and 0.83% of the diet) and two broiler strains (as Experiment 1) with four replicate pens of eight male birds each per treatment. The basal diet had higher calcium and available phosphorus levels compared with the basal diet of Experiment 1 (Ta- ble 1); the change was made only to be comparable to other diets fed at the same time (data not shown).
Experiment 4 had a 6 × 2 factorial design with six levels of Thr (as Experiment 3) and two sexes. There were four replicate pens of eight male or female Arbor Acres High Yield strain birds each.
The data were analyzed by the general linear models and nonlinear models procedures of SAS software (1996) , and the broken-line linear model was used to estimate the chick Thr requirements in Experiments 3 and 4. The broken-line model used was as follows: response = max + rc × (req -x) × I, where max = plateau, rc = rate constant, req = requirement, x = level, and I = 1 when x < req otherwise I = 0.
RESULTS AND DISCUSSION
Chemical analysis of the diets for Thr gave values slightly higher (0.01 to 0.06%) than expectations from ingredient composition tables (Table 1; NRC, 1994) . Threonine content values in this discussion are estimates based on ingredient composition table values.
In Experiment 1, the Leghorn chicks performed much differently than the broiler chicks (Figure 1) . The absolute growth rates and variances between pens of the Leghorn chicks were much less than those of the broiler chicks. Also, the Thr requirement of the Leghorn chicks was much lower than the broiler strain chicks. For these reasons, the results from the Leghorn chicks were omitted from the data analyses and are shown only in Figures 1  to 3 . The data from the Leghorns is of very limited value because the basal Thr level provided enough Thr to maximize growth (Figure 1 ) and minimize feed conversion ratio (FCR; (Figure 2) . A Thr requirement for the leghorns could not be estimated and must be ≤ 0.63% of the diet. Contrary to results with the broilers, for the Leghorns there was no relationship between body weight gain (BWG) and Thr intake (Figure 3) .
In Experiment 1 (Table 2) , the performance of the broiler strains was similar although the High Yield broilers grew significantly (P = 0.02) better than the Classic broilers by about 17 g/bird and had better FCR (P = 0.02). Both strains responded to Thr supplementation in a nonlinear fashion with ascending and plateau portions of the responses. Significant Thr level by strain interactions for BWG and FCR were due to better performance by the High Yield strain birds at the lowest level of Thr. Overall, the High Yield broilers contained larger fat pads Values with no common superscript differ significantly (P < 0.05) when tested with Duncan's new multiplerange test following analysis of variance. (Table 2) . Neither percentage fat pad nor percentage of liver fat was affected by dietary Thr level; however, Thr level did affect liver weight when expressed as a percentage of body weight.
High Yield chicks fed the control diet based on SBM grew slightly better than those fed the PNM based diet with the same level of Thr (0.84%), although the perfor- Values represent the mean ± SEM of n replicate pens of three birds each at 18 d of age. mance was very comparable to chicks fed the PNM-based diet containing 0.77% Thr (Table 2) . And although the control diet-fed chicks grew more, they also had larger fat pads. Kidd et al. (1997 Kidd et al. ( , 1999 found that broilers fed corn-and PNM-based diets with adequate amino acid supplementation had the same performance as broilers fed corn-and SBM-based diets, similar to the results of Experiment 1.
Experiment 2 was conducted to determine if Ile was limiting the growth of the PNM-fed chicks, as 0.72% is less than the NRC (1994) recommendation of 0.80%. The results of Experiment 2 (Table 3) demonstrated that Ile was not a factor limiting the performance of chicks fed the PNM-based diet. Differences in performance were not attributable to strain or Ile level of the diet. Apparently, the Ile requirement of these broilers is no more than 0.72% of the diet. Again, dietary Thr supplements increased the performance of these chicks. Threonine supplements increased BWG, decreased percentage liver (as in Experiment 1), and increased percentage liver fat.
Smaller Thr intervals were used in Experiment 3, compared to Experiment 1, to have more points in the ascending part of the response curve and near the requirement (Table 4) . Results of Experiment 3 were very similar to Experiment 1, except that strain difference in FCR was not observed. The significant strain by Thr level interaction was again observed for gain but not feed efficiency. Requirement estimates for the two strains were very similar for BWG ( Figure 4 ) and FCR ( Figure 5 ), and the requirements for BWG and FCR were very similar.
For birds of this age, the BW and FCR were very similar for male and female broilers (Experiment 4, Table 5 ). Although males grew slightly better, as expected, the differences were not significant at P < 0.05. Females had heavier fat pads (P < 0.05) and livers, except at the 0.67% Thr (sex × Thr, P < 0.01). Threonine requirement estimates were very similar for both sexes (Figures 5 and 6 ).. The 0.69% Thr estimated in Experiment 3 is similar to that reported by Rangel-Lugo et al. (1994) . Rangel-Lugo et al. (1994) , after three experiments, concluded that chicks fed a 20% CP diet from 16 to 28 d of age had requirements of 0.63 and 0.69% Thr, based on BWG and feed efficiency, respectively. They confirmed that young broiler chickens are sensitive to amino acid imbalances and the Thr requirement is increased by excessive levels of other dietary amino acids.
Requirements found in Experiment 3, for BWG and feed conversion, considering that both strains are the same, were approximately 0.68% Thr or 2.97% of CP. In Experiment 4, 0.71% Thr in the diets or 3.08% of CP were estimated to promote an adequate growing and feed conversion in males and females.
Threonine requirements estimated in Experiments 3 and 4 were 2.97 and 3.08% when expressed as a percentage of CP (diets contained 23% CP). These values are similar to those estimated by Krautmann et al. (1958) , Hewitt and Lewis (1972) , and Woodham and Deans (1975) but were below those of Robbins (1987; 3.7% of protein) and Rangel-Lugo et al. (1994;  3.6% of a 20% protein diet and 3.36% of a 25% protein diet). Therefore, the Thr requirement estimates from Experiments 3 and 4 are consistent with many other research reports in the literature but are considerably below others and the 0.80% requirement suggested by the NRC (1994) . Variation among research reports may well be due to genotypes since the Leghorns in Experiment 1 clearly had lower requirements than broilers; other strains may have higher requirements. There were no significant differences found among the broiler genotypes Classic, High Yield, male, or female.
There are known differences in amino acid requirements due to genotypes: sulfur amino acids (Leclercq et al., 1993; Pesti et al., 1994 Pesti et al., , 1996 , Lys (Siegel et al., 1984) , and Arg (Nesheim, 1968; Wang and Nesheim, 1972) . Clearly there are differences in response to Thr due to genotype (Leghorns vs. broilers). The two broiler genotypes studied here may be too similar to observe differences that other genotypes could show.
Little work has previously been done to estimate the Thr requirements of chicks of different sexes. Sebastian et al. (1997) showed there were differences in the digestibility of Thr between males and females when phytase was supplemented.
Based on the data obtained in these experiments, it may be concluded that excellent results may be obtained with corn-and PNM-based diets, and Thr requirements are very similar for Classic and High Yield strains and for male and female starting broilers. Leghorns apparently require much less Thr than broiler chickens. The requirement for Leghorns is ≤ 0.63% and for broilers is ≤ 0.72%.
